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Parity violation in elastic €p scattering determines the elastic weak neutral
current form factors G%(¢%) and Gﬂ(q’) which are directly analogous to the
familiar electromagnetic elastic form factors. By using the Standard Model of
electroweak interactions and invoking strong isospin for the nucleon, the weak
neutral current form factors may be expressed in terms of their electromagnetic
counterparts and the strange quark vector form factors Gg)(q"') and G’f&';)(qz).
Previous authors have argued that it is feasible to measure Gﬁ) (¢? = 0) in this
way. In this paper, we show one may also measure G(Es)(q’) at finite ¢ in a
separate experiment. Within certain models, it should be possible to extract the

“strangeness radius” of the proton from such data.
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The discovery by the EMC collaboration® that the “Ellis-Jaffe” sum rule*3 is vio-
lated has led to the supposition that the strange quark matrix element < p|3v,vsslp >
is large.* In addition, there has long been the suggestion that the scalar matrix element
< pi3sjp > is also large.* Consequently, it is natural to wonder if matrix elements
of the vector operator Fy,s are also nonzero.* McKeown’?, Beck®, and Decker and
Lieze? have shown that parity violation in elastic &p scattering is semsitive to such
vector matrix elements. The basic idea is that since parity violation measures the 7°
coupling to the proton, it is sensitive to a different linear combination of the u, d, and
s currents. One then invokes isospin to isolate the strange current matrix elements
using the known electromagnetic properties of the proton and neutron. In fact, such
an experiment is currently underway!? to measure the SU(3)-singlet anomalous vec-
tor form factor F,(O) gear g2 = 0, from which one can extract the analogous strange
form factor F,‘s). In this paper we point out that in a separate experiment one may
also determine the form factor F{*) over a finite g2 range. We illustrate the sensitivity
of such an experiment using relations for F°)(¢?) and F\°)(¢?) derived by Jaffe.!! In
these relations the ¢* = 0 values of the strange form factors are typified by the strange
quark contribution to the proton magnetic moment (for Fi°)(0)) and the strangeness
radius of the proton (for Fl(S)(U)).

Within the framework of the Standard Model, it is straightforward to determine an
expression for the parity violating asymmetry in elastic €p scattering. One starts by
writing the matrix elements for a vector or axial vector operator, V, or 4, respectively,

in terms of the relevent form factors Fi{q?) and Fi(q®) or G4(q°) respectively, i.e.
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The parity violating asymmetry is then given by™%13:13
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where we make use of the “electric” and “magnetic” form factors Gg = F; — rF; and
Gy = Fy + Fa, with 1 = Q3/4M? and Q* = —¢* > 0. Note that for a fixed ¢?, the
parameter ¢ = [1 + 2(1 + r)tan?(4/2)]”", where  is the electron scattering angle,
controls sensitivity to the “electric”, “magnetic”, or “axial vector” terms. Note also
that in our normalization, one has (in the absence of a strange axial vector contribu-
tion) G4(0) = 3G¥(0) ~ }(—1.262). Radiative corrections to the asymmetry have
not been included, but they seem to be well in hand.!*

The form factors represent our ignorance about the nonperturbative structure of the
proton, aJthough the electromagnetic form factors G%(q?) and G, (g?) are well known
from differential cross section measurements. The weak neutral form factors GZ(g¢?)
and G%(¢?) (as well as G%{q?)) are not known and would be measured in a parity
violation experiment. However, the Standard Model relates the weak neutral and
electromagnetic currents via JZ = JWVeak Joomin _5ind g5, J7 which hel]‘ps us relate the
corresponding form factors. If one writes the vector parts of these currents in terms of
the quark currents §v,q and relates the neutron and proton form factors using strong
isospin®1313 we find

GE(g") = (7 - sin*tw ) G, () - {GR.(4) - 168(8)

Ghule) = (3 - sintw ) Gl (¢)) - $ G (@) — $GH(e) (@)



Here we explicitly write the subscripts “p” and “n” to indicate proton or nemiron
electromagnetic form factors. (We note, however, that the assumption of isospin at
finite g? has been questioned for precision analyses,’3) The form factors G(; L(q’) are
derived from the current 3y,s. From here on, we suppress the superscript “y” on the
electromagnetic form factors.

The current experimental effort!® aims to measure GZ(g* & 0). Since strangeness
cannot contribute to the nucleon charge, we know that G(;)(D) = F{S’(o) =0 and so
one can deduce the value of Gﬁ)({)) or, equivalently, F,(s)(O). The experiment takes
data at £ = 0, i.e. backward scattering angles, so that the “electric” contribution to
Eqn. 1 is suppressed. One also works at a low enough Q7 so that the extrapolation
to Q¥ = 0 is reliable, but high enough Q7? so that the asymmetry A is relatively
large. This experiment should measure the contribution of the “magnetic” term to
approximately 10% at @? =~ 0.1 GeV?, including an estimated uncertainty in the
“axial vector” term.

We now turn to the main point of this paper, namely the feasibility of extracting
G (4?) from a measurement of GZ(g?) at finite ¢>. Examination of Eqn. 1 shows
that, for fixed ¢?, one would like ¢ near unity to enhance the “electric” contribution.
This means that the scattering angle must be small so the beam energy £ must be
relatively large. Note that an additional advantage of ¢ = 1 is that the “axjal vector”
term is suppressed.

How large a contribution might we expect G(Es )(q’) to make to GZ(¢?)? At first
glance, Eqn. 2 would suggest that the contribution is small since G () (as well as
Gg.(¢%)) must be zero at ¢* = 0 while Gg,(0) equals unity. However, since sin® fpr =
0.23, the contribution of Gg, is suppressed by more than an order of magnitude. Also, .
it is reasonable to expect that G(Es)(q’) is compa:a;.ble in magntitude to Gg, (g*). At

low Q? we expect!! F{)g%) = 1riQ? where r} is the “strangeness radius” of the



proton. For r} = 0.15 fm? (which is consistent with the analysis of Ref.!?) this
gives G5 (q?) ~ F)(g?) = 2.3r whereas Gg_(g?) ~ 2.57.!5 (Precise measurements
of Gg,.(¢*) should be forthcoming in the relatively near future.’®) Finally, we note
that since both the “electric” and “magnetic” terms in Eqn. 1 are proportional to 7
(at low Q3?), their overall contributions to the asymmetry are also comparable. These
statements are consistent with the obscmtion; by Beck® that a proposed measurement
of Gg,(q?) using this approach?® becomes difficult to interpret given a plausible model
of strange vector form factors.

The differential cross section for elastic ep scattering, integrated over 27 azimuthal
angle, can be written in the laboratory system as!®

dor  4ra’ cos?(8/2) (E') ? 1 eGE (1) + rGi, (6%) 3
dQ3 ~ Q* E] 1-Q3/2ME e(1+7) 3

Here Q% = 4EE'sin’(0/2) where £ (E') is the incident (scattered) electron energy,

and E' = E/[1 + (2E/M)sin*(4/2)]. At forward scattering angles (i.e. # small) the
cross section is relatively insensitive to E (for fixed Q?) since E' = E and Q3 <<
2ME. It is therefore only important to make sure the energy is high enough so that
the ¢ =~ 1 for the desired Q3. Note that with a fixed beam energy, events can in
principle be separated over a rather wide range of Q3. This might be done with some
large aperture spectrometer for the scattered electrons operating at' some forward

angle, or perhaps by detecting the recoil protons with provision for measuring their

energy.l”

Since the asymmetry A from Eqn. 1 is very small {~ 107%), it is impor-
tant to check that sufficient statistical accuracy can be achieved in a reason-
able period of time. In Fig. 1 we plot the asymmetry from Eqn. 1, scaled by
GrQ?/may/2 = 3.6 x 1074 (Q?/1 GeV?). We take G3'(¢*) and G¥ (g%} from Ref.™
using “Fit 7.1” from their Table 1. We use the standard dipole form for GZ(g*)®



and set the strange axial vector contribution to zero. We show the statistical ac-
curacy one would achieve under certain assumptions by plotting points with error
bars on top of the calculated curve. We have assumed £ = 2 GeV, a luminos-
ity £=1.3x10%/cm3-sec (i.e. 50 uA on a 10 cm long liquid hydrogen target),
a 50% polarized electron beam, 300 hr of data taking, and six equally spaced @Q?
bins from 0.1 GeV? to 0.3 GeV?. We also show the calculated curves assuming that
EP(¢?) = 0, GE(g%) = GP(e?) = 0, and Gi(e") = GF(e?) = G¥a) = 0.

A number of points aze clear from Fig. 1. First, the effect of G{J)(g?) and G$"(4%)
(as calculated from Ref.}*} is both measurably large, and much larger than the effect
from GZ(q?) which is itself already known to ~ 30% including a possible strange axial
vector contribution. Second, the effect of G33'(g%) is comparable to that from GY (g%,
and its normalization at Q3 = 0.1 GeV? should be known in the near future.!® Until
a backward angle measurement is done at higher Q?, it will be necessary to assume
some ¢° dependence of Gfé)( g%) to thoroughly interpret this experiment. Finally, the
statistical precision shown in Fig. 1 is sufficent to establish an effect beyond the
addition of Gi.(q’) and G{3(g?). The experimental asymmetry (including the beam
polarization) is (in the worst case) ~ 6 x 10~7. This is 30 times larger than the
ultimate systematic error achieved in a recently completed similar experiment.’®

In conclusion, we have shown that it should be possible to measure the strangeness
form factor Gg)(q’) for the proton by using parity violation in elastic €p scattering
at forward angles. The use of certain models, and hopefully other future experiments

at backward angles, should allow one to extract the slope of the form factor Fl(s)(q’ )

near g> = 0 and extract the strangeness radius of the proton.
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FIG. 1. Parity violating asymmetry as a function of @Q? for a beam energy E = 2 GeV.
The asymmetry is calculated using Eqn. 1 and Eqn. 2 and is divided by the factor
GrQ?/ray/2 = 3.6 x 10~*(Q?/1 GeV?). The strange-nucleon form factors are calculated
using Ref.!!. The error bars represent the statistical precision one would achieve with a 50%
beam polarization, a luminosity of 1.3 x 10%%/em? - sec, and 300 Ar of data taking using a
detector covering the full azimuthal angle. The effect of the axial vector and strange form

factors on the result are also shown.
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G(q® and G,*N(q® from Ref.11
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